Although halothane plus nitrous oxide in oxygen is utilized commonly as an anaesthetic technique for outpatient general anaesthesia in children, the incidence of arrhythmia during dental surgery under halothane can be as high as 75 % (Ryder and Wright, 1981) . Since isoflurane is less likely to sensitize the myocardium in the presence of catecholamines (Johnston, Eger and Wilson, 1976) , this study was designed as a prospective randomized comparison of the usefulness of isoflurane or halothane in the provision of outpatient anaesthesia for children undergoing dental surgery. In particular, the incidence and type of arrhythmia and the quality of anaesthesia and recovery, were studied.
PATIENTS AND METHODS
One hundred consecutive unpremedicated children (aged between 2 and 14 yr) who had been routinely selected for outpatient general anaesthesia were allocated randomly to two equal groups to receive either halothane or isoflurane. The children had been fasted for at least 4 h.
Electrocardiograph leads were attached to the right and left wrists and the right leg before the induction of anaesthesia. A continuous record was obtained, together with a visual display on an oscilloscope. An event marker was used to record the times of induction and surgery. An observer, who was the anaesthetist during induction and surgery, and a dental nurse during recovery, assessed the incidence of complications on a scale from 1 to 4: 1 = complication not present; 2 = complication present but not troublesome; 3 = complication causing interference with technique; 4 = complication so troublesome that technique was abandoned. The complications assessed were: coughing, salivation, laryngospasm, vomiting, breath-holding, cyanosis, rigidity and movement. The time from the discontinuation of the inhalation agent to the opening of eyes on request was recorded.
Induction of anaesthesia was by the inhalation of 70% nitrous oxide in oxygen plus 2-5% isoflurane or halothane delivered via a Bain breathing system. Anaesthesia was maintained with 50 % nitrous oxide in oxygen and 1-2 % of the appropriate volatile agent. Both agents were introduced to the breathing circuit in traditional step-wise fashion. It was not possible to match patients on the basis of equipotent concentrations of isoflurane and halothane, and concentrations were administered according to the needs of individual patients. Parents accompanying the child were asked to leave once the child lost consciousness.
Halothane and isoflurane were administered via appropriate calibrated vaporizers (Ohmeda Ltd).
Flow rates were not recorded for each patient, but the fresh gas flows always exceeded 250 ml kg" 1 min" 1 . ECG were assessed by a cardiologist, who was blind to the anaesthetic technique used in the individual child.
Data are presented as mean (±SD). Statistical analysis was with Student's t test (unpaired) for parametric data, or the chi-square test.
RESULTS
The demographic data of the patients are displayed in table I. There were no significant differences between the two groups.
The technique did not have to be abandoned in any patient and, therefore, value 4 of the complication score was not included in the statistical analysis.
Quality of anaesthesia
During induction there were increases in the incidences of salivation, laryngospasm, breathholding and movement in the group anaesthetized with isoflurane (P < 0.005) (table II). The incidence of coughing just failed to reach significance during induction, but was significant during surgery in the isoflurane group. The time between induction and the loss of the eyelash reflex was similar in both groups: halothane (mean ±SD) 2.1 min±0.9 min; isoflurane 2.4 mini 1.1 min. The time from the loss of eyelash reflex to the start of surgery was significantly prolonged in the isoflurane group (table III) .
Recovery times (mean ± SD) were almost identical in both groups: halothane 8.1 min±3.8 min; isoflurane 8.1 min ±3.6 min. It should be noted that the durations of administration during surgery were similar for both agents. Times to discharge in both groups were not significantly different (table III) .
Arrhythmias during induction
In four patients arrhythmias occurred during the induction of anaesthesia: two patients in the halothane group (one atrial ectopic and one ventricular ectopic) and two in the isoflurane group (both nodal). All arrhythmias reverted spontaneously to sinus rhythm before the start of surgery.
Arrhythmias during surgery
The overall incidence of arrhythmias in the halothane group was significantly greater than that in the isoflurane group (P < 0.005) (table IV). No observed pattern of arrhythmia was judged to be serious enough to alter the nature of the anaesthetic technique.
Supraventricular ectopics. Eight patients in the halothane group and three in the isoflurane group were observed to have supraventricular ectopic beats (ns).
Ventricular ectopics. Although no ventricular ectopic beats were observed in the isoflurane group, they were noted in 16 of the patients in the halothane group (P < 0.005) (table IV).
Nodal rhythm. The incidence of nodal rhythm was similar between the two groups.
Bigeminy. The incidence of bigeminy was significantly greater in the halothane group (P < 0.005) (table IV) .
Maximum heart rate. The mean maximum heart rates were determined from the individual ECG traces. In the halothane group, mean (±SD) maximum heart rate was 125 beat min" 1 ±28; in the isoflurane group it was 142 beat min" 1 ±25 (ns).
The relationship between teeth extracted and the incidence of arrhythmias is shown in table V. Arrythmias only occurred on extraction of posterior teeth and the incidence was the same whether the teeth were deciduous (47%) or secondary (42%). 
DISCUSSION
The incidence of arrhythmia during minor oral surgery using nitrous oxide-oxygen-hajothane anaesthesia has been reported to vary between 18 and 75% (Alexander, 1971) ; it is around 10% using nitrous oxide-oxygen-enflurane (Ryder and Wright, 1981) . A recent paper (Casson and Jones, 1985) reported a low incidence of arrhythmias when isoflurane was used in dental outpatients. However, this study was conducted in adults who received an i.v. induction and in whom the trachea was intubated. We have studied children using a totally inhalation technique. In our study the incidence of arrhythmias with halothane was 52 % compared with 14% in the children receiving isoflurane. The total absence of ventricular ectopics beats in the isoflurane group was similar to the findings of Ryder and Wright (1981) using enflurane in a comparable group of patients. It is of interest that 100% of the arrhythmias with enflurane in the study by Ryder and Wright (1981) and 86 % of the arrhythmias with isoflurane in our study were nodal in origin. The significance of the decrease in arrhythmia during oral surgery with respect to morbidity and mortality has yet to be established. Our study has also demonstrated a significantly higher mean maximum heart rate in the isoflurane group (table IV) and this may be an undersirable feature of isoflurane anaesthesia. All our patients were unpremedicated and none received an antisialagogue; excessive salivation occurred only in the isoflurane group. We found a 26% incidence of coughing and a 32% incidence of laryngospasm with isoflurane, which confirms the 30 % incidence of laryngospasm and coughing during induction reported by Fisher and colleagues (1984) . This probably reflects the more irritant effect of inhaling isoflurane and would partly account for the increased time to induce surgical anaesthesia (Pauca and Dripps, 1973) .
The inhalation technique used for induction with 30% oxygen in nitrous oxide together with the high incidence ofbreath-holding, laryngospasm and coughing may lead to hypoxia and this did in fact occur in two patients (table II) . It is important to balance the real risk that the complications encountered frequently with isoflurane could potentially progress to a serious situation, whereas the arrhythmias encountered with halothane appear to revert spontaneously on the cessation of surgical stimulation.
In conclusion, the use of isoflurane instead of halothane in minor oral surgery will decrease the incidence of arrhythmia, but no more than can be achieved with enflurane. With regard to ease of induction and quality of anaesthesia, isoflurane proved inferior to halothane. In our opinion, isoflurane cannot be recommended as an alternative to halothane for outpatient dental anaesthesia in children.
